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1. 

SIDEWALL IMAGE TRANSFER PROCESS 

FIELD OF THE INVENTION 

The present invention relates to the field of semiconductor 
device manufacturing. In particular, it relates to a sidewall 
image transfer process with improved control on critical 
dimensions. 

BACKGROUND 

Semiconductor device manufacturing generally includes 
various steps of device patterning process. For example, the 
manufacturing of a semiconductor chip may start with, for 
example, CAD (computer aided design) generated device 
patterns and may continue with the effort to replicate these 
device patterns in a Substrate thereupon semiconductor 
devices are formed. The replication process may involve the 
use of various exposing techniques, and a variety of Subtrac 
tive (etching) and additive (deposition) material processing 
procedures. For example, in a photolithography process, a 
layer of photo-resist material may be first applied on top of a 
Substrate, and then be selectively exposed according to a 
pre-determined device pattern. Portions of the photo-resist 
that are exposed to light or other ionizing radiation (e.g., 
ultraviolet, electron beams, X-rays, etc.) may experience 
some changes in their solubility to certain solution. Next, the 
photo-resist may be developed in a developer solution, 
thereby removing the non-irradiated (in a negative resist) or 
irradiated (in a positive resist) portions of the resist layer, to 
create a photo-resist pattern. The photo-resist pattern may 
subsequently be copied or transferred to the substrate under 
neath the photo-resist pattern. 

With continuous scale-down and shrinkage of real estate 
available for a single semiconductor device, engineers are 
daily facing the challenge of how to meet the market demand 
for ever increasing device density. One technique for sub-80 
nm pitch patterning is to achieve twice the pattern density 
through a technique called sidewall image transfer (SIT), also 
known as sidewall spacer image transfer. However in a con 
ventional SIT process, spacer deposition is performed right 
after the mandrel litho development. In other words, photo 
resist mandrels are first formed, often with the help of an 
anti-reflective coating (ARC) layer underneath thereof, and 
material Suitable for forming spacers is Subsequently depos 
ited to eventually form spacers next to the photo-resist man 
drels. 

However, concerns and issues have been observed in the 
above conventional SIT process. For example, imperfection 
and/or undesired characters have been found in the shapes of 
above photo-resist mandrels. Such imperfection and/or 
undesired characters may include, for example, resist footing 
and slightly tapered profile on the top of the mandrels. In 
addition to issues relating to the photo-resist mandrels, in the 
spacer etch-back process of the above conventional process, 
the etching process is generally not selective to the anti 
reflective coating or ARC layer underneath the spacer mate 
rial layer. As a result, thickness of the ARC layer, after spacer 
etch-back, often exhibits difference in mandrel-defined 
trench and spacer-defined trench. Such difference in thick 
ness of ARC layer may result in different shrink at subsequent 
etch and cause CD (critical dimension) variations, line edge 
roughness (LER), and pitch walking. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention provide a method of 
performing sidewall spacer image transfer for semiconductor 
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2 
device manufacturing. The method includes forming a set of 
sidewall spacers next to a plurality of mandrels, the set of 
sidewall spacers being directly on top of a hard-mask layer; 
transferring image of at least a portion of the set of sidewall 
spacers to the hard-mask layer to form a device pattern; and 
transferring the device pattern from the hard-mask layer to a 
Substrate underneath the hard-mask layer. 

In one embodiment, forming the set of Sidewall spacers 
includes creating the plurality of mandrels from a planariza 
tion layer, the planarization layer being directly on top of the 
hard-mask layer, depositing a conformal layer of dielectric 
material suitable for the sidewall spacers covering the plural 
ity of mandrels; and performing directional etching of the 
conformal layer to create the set of sidewall spacers. 

In one embodiment, creating the plurality of mandrels 
includes depositing an anti-reflective coating layer on top of 
the planarization layer, forming a photo-resist pattern of the 
plurality of mandrels lithographically on top of the anti-re 
flective coating layer; transferring the photo-resist pattern 
into the planarization layer through directional etching of the 
planarization layer utilizing the hard-mask layer underneath 
thereofas an etch-stop layer. 

Embodiment of the present invention further includes 
forming a photo-resist block mask, the photo-resist block 
mask exposing only the at least a portion of the set of sidewall 
spacers and covering rest of the set of sidewall spacers. 

In one embodiment, the above hard-mask layer is a second 
hard-mask layer and wherein transferring the device pattern 
from the second hard-mask layer to the substrate further 
includes transferring the device pattern to a first hard-mask 
layer, the first hard-mask layer being underneath the second 
hard-mask layer and separated from thereof by a planariza 
tion layer. 

Embodiment further includes removing the sidewall spac 
ers remaining on top of the device pattern of the second 
hard-mask layer and the rest of the second hard-mask layer 
through a burn-off process. In one embodiment, the burn-off 
process may include Subjecting the sidewall spacers to a 
plasma environment, wherein the plasma environment may 
include fluorocarbon gas of CF4 or C4F8, hydrogenated fluo 
rocarbon gas CHXFy, and diluting gases of Ar or nitrogen. 

In one embodiment, the first and second hard-mask layers 
are titanium-nitride layers and wherein the planarization 
layer is of a material that is able to withstand a process of 
depositing the second titanium-nitride layer on top thereof 
without causing decomposition. 

In one embodiment, the second hard-mask layer has a 
thickness that is equal or less than that of the first hard-mask 
layer, and wherein the planarization layer has a thickness 
ranging from about 10 nm to about 100 nm. In another 
embodiment, the planarization layer is an amorphous carbon 
layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be understood and appreciated more 
fully from the following detailed description of preferred 
embodiments, taken in conjunction with the accompanying 
drawings of which: 

FIG. 1 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process accord 
ing to one embodiment of the present invention; 

FIG. 2 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
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through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 1, according to one embodiment of 
the present invention; 

FIG. 3 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 2, according to one embodiment of 
the present invention; 

FIG. 4 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG.3, according to one embodiment of 
the present invention; 

FIG. 5 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG.4, according to one embodiment of 
the present invention; 

FIG. 6 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 5, according to one embodiment of 
the present invention; 

FIG. 7 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 6, according to one embodiment of 
the present invention; 

FIG. 8 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 7, according to one embodiment of 
the present invention; 

FIG. 9 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 8, according to one embodiment of 
the present invention; 

FIG. 10 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG.9, according to one embodiment of 
the present invention; 

FIG. 11 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 10, according to one embodiment 
of the present invention; and 

FIG. 12 is a demonstrative illustration of cross-sectional 
view of a structure in a stop of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 11, according to one embodiment 
of the present invention. 

It will be appreciated that for the purpose of simplicity and 
clarity of illustration, elements in the drawings have not nec 
essarily been drawn to scale. For example, dimensions of 
Some of the elements may be exaggerated relative to other 
elements for clarity purpose. 

DETAILED DESCRIPTION OF THE INVENTION 

In the following detailed description, numerous specific 
details are set forth in order to provide a thorough understand 
ing of various embodiments of the invention. However, it is to 
be understood that embodiments of the invention may be 
practiced without these specific details. 
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4 
In the interest of not obscuring presentation of essences 

and/or embodiments of the invention, in the following 
detailed description, some processing steps and/or operations 
that are known in the art may have been combined togetherfor 
presentation and/or for illustration purpose and in some 
instances may have not been described in detail. In other 
instances, some processing steps and/or operations that are 
known in the art may not be described at all. In addition, some 
well-known device processing techniques may have not been 
described in detail and, in Some instances, may be referred to 
other published articles, patents, and/or patent applications 
for reference in order not to obscure description of essences 
and/or embodiments of the invention. It is to be understood 
that the following descriptions have rather focused on distinc 
tive features and/or elements of various embodiments of the 
invention. 

FIGS. 1-12 are demonstrative illustrations of cross-sec 
tional views of structures in a method of forming a semicon 
ductor structure or device 100 (FIG. 12) according to embodi 
ments of the present invention. As some non-limiting 
examples, semiconductor structure 100 may be, for example, 
a back-end-of-line (BEOL) or mid-of-line (MOL) intercon 
nect structure, or may be a front-end-of-line (FEOL) device 
structure which includes, for example, high-k metal gate 
semiconductor transistor devices. 

For example, FIG. 1 is a demonstrative illustration of cross 
sectional view of a structure in a step of a method of forming 
a device through an improved sidewall image transfer process 
according to one embodiment of the present invention. More 
specifically, the method may start with forming a stack of 
layers on top of a substrate 101 therein a pattern of the device 
is to be formed. Specifically, the stack of layers may include, 
for example and starting from substrate 101, a dielectric cap 
layer 102; a first hard mask layer 103; a first planarization 
layer 104; a second hard mask layer 105; a second planariza 
tion layer 106; and an anti-reflective coating (ARC) layer 107. 
all of which may be formed on top of one another and in 
Sequence. 

In one embodiment, substrate layer 101 at the bottom of the 
stack may be any dielectric materials suitable for BEOL or 
MOL interconnect structures, and/or may be any gate mate 
rials suitable for FEOL structures. In some other embodi 
ments, substrate layer 101 may be a semiconductor material 
or a dielectric material on top of a semiconductor material. 
Dielectric cap layer 102 may include siliconoxide and may be 
formed, for example, from a tetraethyl orthosilicate (TEOS) 
precursor to have a thickness ranging from about 10 nanom 
eters (nm) to about 100 nm in some embodiments. First and 
second hard mask layers 103 and 105 may include metal 
nitride, such as titanium-nitride (TiN), boron-nitride (BN), 
and/or metal-oxide and may have a thickness ranging from 
about 10 nm to about 70 nm according to different embodi 
ments. First and second hard mask layers 103 and 105 may 
preferably, although not necessarily, be formed to have the 
same or close to the same thickness thereby facilitating an 
etching process as being described below in more details. 
First planarization layer 104 may be an organic planarization 
layer (OPL) or a layer of material that is capable of providing 
planarization whereupon second hard mask layer 105 may be 
formed through deposition. For example, when second hard 
mask layer 105 is a TiN layer, first planarization layer 104 
may be, for example, an amorphous carbon layer that may be 
able to withstand the high temperature of depositing TiN on 
top thereof without causing degassing or decomposition of 
the material. First planarization layer 104 may preferably 
have a thickness ranging from about 10 nm to about 100 nm 
as being described below in more details. Second planariza 
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tion layer 106 may be an organic planarization layer as well, 
Such as a polymer layer in some embodiments, and may have 
a thickness ranging from about 50 nm to about 400 nm in 
some embodiments. ARC layer 107 may include silicon (Si) 
in some embodiments and thus may be referred to as SiARC 5 
layer 107 or a bottom anti-reflective coating layer (BARC). 
ARC layer 107 may have a thickness ranging from about 20 
nm to about 100 nm in some embodiments. 
The method, according to embodiment of the present 

invention, may further include forming a photo-resist layer 
108 on top of ARC layer 107 and forming a first resist pattern 
108a in photo-resist layer 108. Material of photo-resist layer 
108 may be any appropriate type of photo-resist materials, 
which may partly depend upon the device patterns to be 
formed and the exposure method used. For example, material 15 
of photo-resist layer 108 may include a single exposure resist 
suitable for, for example, argon fluoride (ArF); a double expo 
Sure resist Suitable for, for example, thermal cure system; 
and/or an extreme ultraviolet (EUV) resist suitable for, for 
example, an optical process. Photo-resist layer 108 may be 
formed to have a thickness ranging from about 30 nm to about 
150 nm in various embodiments. First resist pattern 108a may 
be formed by applying any appropriate photo-exposure 
method in consideration of the type of photo-resist material 
108 being used. In some embodiment, the formation of first 
resist pattern 108a may be a mandrel forming step using a 
photo-lithographic process. 

FIG. 2 is a demonstrative illustration of cross-sectional 
view of a structure in a step of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 1, according to one embodiment of 
the present invention. More specifically, the method includes 
transferring first resist pattern 108a into second planarization 
layer 106 which may also be known, and referred to herein 
after, as an under-layer 106. The transferring of first resist 
pattern 108a may be performed by etching SiARC layer 107 
and under-layer 106 to create SiARC pattern 107a and under 
layer pattern 106a in a directional etching process Such as a 
reactive-ion-etching (RIE) process. In the RIE process, first 
resist pattern 108a is used as a mask and second hard mask 
layer 105 is used as an etch-stop layer whose material may be 
carefully selected to provide high etch-selectivity relative to 
under-layer 106. First resist pattern 108a may be lifted off 
during the etching of under-layer 106a, which is covered by 
SiARC pattern 107a and may serve as mandrels in the fol- 45 
lowing steps. The structure shown in FIG. 2 is now ready for 
the next step of sidewall image transfer using under-layer 
pattern 106a as mandrels. 

It is to be noted that mandrels 106a made of under-layer or 
second planarization layer 106 are now formed directly on top 50 
of hard mask layer 105 according to embodiment of the 
present invention, instead of an ARC layer as is commonly 
found in prior art. During a conventional sidewall image 
transfer process, an ARC layer such as a SiARC layer under 
neath mandrels is known to be problematic for causing, for 55 
example, LER formation, uneven etch shrink and hence CD 
(critical dimension) variation and pitch walking. The forma 
tion of mandrels directly on top of a hard mask layer instead 
of a SiARC layer avoids the above problems. 

FIG. 3 is a demonstrative illustration of cross-sectional 60 
view of a structure in a step of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 2, according to one embodiment of 
the present invention. More specifically, the method includes 
depositing a layer of dielectric material 109 directly on top of 65 
under-layer pattern 106a and exposed portions of second hard 
mask layer 105. The deposition may be made a conformal 
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deposition process, using any known or future developed 
deposition techniques, to create dielectric layer 109 having a 
Substantially uniform thickness. In one embodiment, material 
of dielectric layer 109 may include, for example, silicon 
nitride or low temperature silicon oxide. 

After the deposition and according to one embodiment, 
dielectric layer 109 may be subjected to a directional etching 
process Such as a RIE process. As being demonstratively 
illustrated in FIG. 4, the directional etching process may 
remove most of dielectric layer 109, from the top of second 
hard mask layer 105 and from the top of under-layer pattern 
106a, to leave only a portion of dielectric layer 109 at the 
sidewalls of mandrels 106a, forming sidewall spacers 109a. 
Here, it is to be noted that FIG. 4 is for illustration purpose and 
generally sidewall spacers 109a may have slightly different 
shape from those illustrated in FIG. 4, such as rounded cor 
ners that may be naturally formed during the directional etch 
ing process as is known in the art. According to another 
embodiment, the formation of sidewall spacers 109a may be 
made after a block-litho process, being described below in 
more details, which blocks some features (to be formed 
around mandrel or under-layer pattern 106a) from being 
transferred to substrate 101. During etch-back in forming 
sidewall spacers 109a, SiARC pattern 107a may be removed 
as well. In one embodiment, SiARC 107a may be removed 
(or thinned down) from the top of under-layer pattern 106a 
before dielectric layer 109 is deposited. After directional 
etching of dielectric layer 109 which forms sidewall spacers 
109a, in one embodiment, under-layer pattern or mandrel 
106a may be pulled out and the pulling out may be performed 
in an oxygen-containing plasma in which the dielectric side 
wall spacers 109a won’t betrimmed. In another embodiment, 
mandrel layer 106a may be pulled out in a Subsequent step, 
during the patterning of a block litho mask, together with a 
gap-filling layer that is deposited on top thereof. 

FIG. 5 is a demonstrative illustration of cross-sectional 
view of a structure in a step of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG.4, according to one embodiment of 
the present invention. This step, known as a block litho step, 
is performed to block or prevent a portion of under-layer 
pattern 106a from being transferred to substrate 101 in sub 
sequent steps in order to create predetermined device struc 
tures. During this step, a blocking mask 112a, which may be 
a photo-resist mask for example, may be used to cover por 
tions of the under-layer pattern 106a that are not intended to 
be transferred. In order to form blocking mask 112a, the 
method includes depositing a gap-filling layer 110 to fill in the 
gap between spacers 109a, and then planarizing this gap 
filling layer 110 to create a flat top surface 110a. Gap-filling 
layer 110 may preferably be made of the same material as that 
of second planarization layer 106 that forms mandrels 106a, 
if mandrels 106a are to be removed in the following pattern 
ing step of block litho mask, but different material may be 
used as well. On top of gap-filling layer 110, the method may 
include depositing an anti-reflective coating (ARC) layer 111 
and a photo-resist layer 112 on top of ARC layer 111. Photo 
resist layer 112 is then lithographically exposed and devel 
oped to create blocking mask 112a. 

FIG. 6 is a demonstrative illustration of cross-sectional 
view of a structure in a step of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG.5, according to one embodiment of 
the present invention. More specifically, the method includes 
selectively removing portions of ARC layer 111 and gap 
filling layer 110 that are not covered by blocking mask 112a 
by, for example, applying a directional RIE etching process to 
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create a pattern of gap-filling layer 110a and SiARC layer 
111a underneath the original blocking mask112a that may be 
etched away at the end of gap filling layer 110a RIE etch 
process. The etching process also removes the gap-filling 
layer 110 between any two sidewall spacers 109a (or under 
layer pattern or mandrel 106a), which are exposed by the 
removal of gap-filling layer 110. According to one embodi 
ment, the method uses hard mask layer 105 as an etch-stop 
layer during the removal of gap-filling layer 110, to leave 
sidewall spacers 109a on top of second hard mask layer 105. 
The use of hard mask layer 105, instead of a SiARC layer, 
reduces and/or eliminates the possibility of causing defects 
that is known to be associated with the process of removing/ 
lifting mandrels, as being described below in more details. 

FIG. 7 is a demonstrative illustration of cross-sectional 
view of a structure in a step of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 6, according to one embodiment of 
the present invention. More specifically, the method includes 
transferring the pattern of sidewall spacers 109a into the 
second hard mask layer 105 forming a hard mask pattern 
105.a. The transferring of sidewall spacer pattern 109a may be 
through an etching process such as a RIE process. It is to be 
noted that because sidewall spacers 109a situate directly on 
top of hard mask layer 105, instead of a SiARC layer as being 
often used in prior art, problems such as CD variation and 
pitch walking that are normally associated with SiARC layer 
caused by uneven thickness of SiARC layer at mandrel-de 
fined and spacer-defined trenches no longer exist. Moreover, 
the LER formation will be under control as high etching 
selectivity may be achieved between sidewall spacer 109a 
and hard mask layer 105. In other words, hard mask pattern 
105a relatively accurately reflect the pattern formed by side 
wall spacers 109a. Thereafter, SiARC layer 111a may be 
removed or lifted off. Preferably, SiARC layer 111a is 
removed or lifted off before or by the end of hard mask layer 
105a patterning in order to enable and/or ease the strip-off of 
gap-filling layer 110a during the amorphous carbon layer 104 
etch, which is described below in more details with reference 
to FIG. 8. 

FIG. 8 is a demonstrative illustration of cross-sectional 
view of a structure in a step of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 7, according to one embodiment of 
the present invention. More specifically, the method includes 
using hard mask pattern 105a as a mask to etch exposed first 
planarization layer 104, which may be for example an amor 
phous carbon layer, underneath thereofto forman amorphous 
carbon layer pattern 104a that represents hard mask pattern 
105.a. The process of etching amorphous carbon layer 104 
may also remove part of sidewall spacers 109a, that are not 
covered by gap-filling 111a (FIG. 7), to become height-re 
duced sidewall spacers 109b. However, such partial removal 
of sidewall spacers 109a is not essential, whether being 
removed partially or not being removed at all, because side 
wall spacers 109a will be subjected to a separate removal 
process, Such as a burn-off process, at a later stage. The 
method also includes removing gap-filling layer 110a by the 
end of amorphous carbon layer 104 etch. 

FIG. 9 is a demonstrative illustration of cross-sectional 
view of a structure in a step of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG. 8, according to one embodiment of 
the present invention. More specifically, the method includes 
removing, such as burning-off, sidewall spacers 109a and/or 
109b that are on top of hard mask pattern 105a as well as those 
in the areas that were previously covered by litho block mask 
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8 
112a. The dielectric sidewall spacers 109a and 109b may be 
burned off in a fluorocarbon and noble gas (CxFy) plasma 
and/or hydrogenated fluorocarbon gas (CHXFy) plasma envi 
ronment. In one embodiment, the plasma may contain about 
10 sccm of fluorocarbon gas such as C4F8 (CxFy when x=4, 
y=8), about 1000 sccm of Ar, with lower RF power of about 
690 W, and pressure of about 50 mtorr and the burn-off may 
be performed in a capacitive coupled plasma reactor. In 
another embodiment, the burn-off plasma chemistry may 
contain fluorocarbon gas such as CF4 (CxFy when x=1, y=4), 
hydrogenated fluorocarbongas CHXFy, diluting gases such as 
Arand/or nitrogen. During this sidewall spacerburn-off pro 
cess, only the spacers on top of hard mask 105a need to be 
removed while in prior art where there is a SiARC, mask 
underneath the sidewall spacers, which requires to be 
removed as well. Embodiment of the present invention 
requires only the removal of sidewall spacers 109a and/or 
109b resulting in a more robust process as far as preventing 
patterning defects such as pattern wiggling or flop over is 
concerned. 

FIG. 10 is a demonstrative illustration of cross-sectional 
view of a structure in a step of a method of forming a device 
through an improved sidewall image transfer process, follow 
ing the step shown in FIG.9, according to one embodiment of 
the present invention. More specifically, the method includes 
transferringamorphous carbon layer pattern 104a, which rep 
resents second hard mask pattern 105a, into first hard mask 
layer 103 to create a first hard mask pattern 103a. The trans 
ferring may be made through a directional etching process 
Such as a RIE process. According to one embodiment, the 
method of present invention utilizes second hard mask pattern 
105a as a sacrificial masking layer and therefore reduces the 
need for a thickamorphous carbon layer pattern 104a to be 
used as a mask layer. In fact, when the thickness of second 
hard mask pattern 105a is equal to or thicker than that of first 
hard mask layer 103, thickness of amorphous carbon layer 
pattern 104a may be dramatically reduced because amor 
phous carbon layer pattern 104a may ever be consumed dur 
ing the etching of first hard mask layer 103 and may always be 
protected by second hard mask pattern 105.a. Therefore, for 
example, thickness of amorphous carbon layer 104 may be 
reduced to for example around 10 nm or even less. In this 
situation, the use of amorphous carbon layer 104 may be 
primarily for the purpose of preserving fidelity of the pattern 
of second hard mask pattern 105a, which originally comes 
from sidewall spacer pattern 109a. 

After transferring amorphous carbon layer pattern 104a 
into first hard mask layer 103 to form first hard mask pattern 
103a, the method includes lifting amorphous carbon layer 
pattern 104a to leave only first hard mask pattern 103a on top 
of substrate 101, via a dielectric cap layer 102, as is demon 
stratively illustrated in FIG. 11. The first hard mask pattern 
103a demonstrates a much higher fidelity to the sidewall 
spacer pattern 109a as being defined by the original mandrels 
106a when being compared with those achieved by processes 
of prior art. The first hard mask pattern 103a is subsequently 
transferred into substrate 101 through a dielectric etching 
process as is demonstratively illustrated in FIG. 12. First hard 
mask layer 103a may subsequently be removed, if necessary, 
leaving only the device structures as being represented by the 
transferred mandrel pattern, in substrate 101. 

While certain features of the invention have been illus 
trated and described herein, many modifications, Substitu 
tions, changes, and equivalents will now occur to those of 
ordinary skill in the art. It is, therefore, to be understood that 
the appended claims are intended to cover all Such modifica 
tions and changes as fall within the spirit of the invention. 
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What is claimed is: 
1. A method comprising: 
forming a set of sidewall spacers next to a plurality of 

mandrels, said set of Sidewall spacers being directly on 
top of a second hard-mask layer; 

forming a photo-resist block mask, said photo-resist block 
mask exposing at least a portion of said set of sidewall 
spacers and covering rest of said set of sidewall spacers; 

transferring image of said at least a portion of said set of 
sidewall spacers to said second hard-mask layer to form 
a device pattern; and 

transferring said device pattern from said second hard 
mask layer to a substrate underneath said second hard 
mask layer, including transferring said device pattern to 
a first hard-mask layer, said first hard-mask layer being 
underneath said second hard-mask layer and separated 
from thereof by a planarization layer, said planarization 
layer being an amorphous carbon layer. 

2. The method of claim 1, wherein forming said set of 
sidewall spacers comprises: 

creating said plurality of mandrels from a planarization 
layer, said planarization layer being directly on top of 
said hard-mask layer; 

depositing a conformal layer of dielectric material Suitable 
for said sidewall spacers covering said plurality of man 
drels; and 

performing directional etching of said conformal layer to 
create said set of sidewall spacers. 

3. The method of claim 2, wherein creating said plurality of 
mandrels comprises: 

depositing an anti-reflective coating layer on top of said 
planarization layer, 

forming a photo-resist pattern of said plurality of mandrels 
lithographically on top of said anti-reflective coating 
layer; 

transferring said photo-resist pattern into said planariza 
tion layer through directional etching of said planariza 
tion layer utilizing said hard-mask layer underneath 
thereofas an etch-stop layer. 

4. The method of claim 1, further comprising removing 
said sidewall spacers remaining on top of said device pattern 
of said second hard-mask layer and the rest of said second 
hard-mask layer through a burn-off process. 

5. The method of claim 4, wherein said burn-off process 
comprises Subjecting said sidewall spacers to a plasma envi 
ronment, wherein said plasma environment comprises fluo 
rocarbon gas of CF4 or C4F8, hydrogenated fluorocarbon gas 
CHXFy, and diluting gas of Ar or nitrogen. 

6. The method of claim 1, wherein said first and second 
hard-mask layers are titanium-nitride layers and wherein said 
planarization layer is of a material that is able to withstanda 
process of depositing said second titanium-nitride layer on 
top thereof without causing decomposition. 

7. The method of claim 1, wherein said second hard-mask 
layer has a thickness that is equal or less than that of said first 
hard-mask layer, and wherein said planarization layer has a 
thickness ranging from about 10 nm to about 100 nm. 

8. A method of performing sidewall spacer image transfer, 
said method comprising: 

forming a set of sidewall spacers next to a set of mandrels 
respectively, said set of sidewall spacers being directly 
on top of a second hard-mask layer; 

transferring image of at least a portion of said set of side 
wall spacers to said second hard-mask layer to form a 
device pattern; and 
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10 
transferring said device pattern from said second hard 
mask layer to a first hard-mask layer and Subsequently to 
a Substrate underneath said first hard-mask layer, 

wherein said first and second hard-mask layers are tita 
nium-nitride layers separated by a planarization layer, 
said planarization layer is of a material that is able to 
withstand a process of depositing said second titanium 
nitride layer on top thereof without causing decomposi 
tion. 

9. The method of claim 8, wherein forming said set of 
sidewall spacers comprises: 

creating said set of mandrels from a planarization layer, 
said planarization layer being directly on top of said 
second hard-mask layer, 

depositing a conformal layer of dielectric material cover 
ing said set of mandrels, said dielectric material being 
Suitable for said sidewall spacers; and 

performing directional etching to remove said conformal 
layer thereby leaving only said set of sidewall spacers at 
sidewalls of said set of mandrels. 

10. The method of claim 9, wherein creating said set of 
mandrels comprises: 

depositing an anti-reflective coating layer on top of said 
planarization layer, 

exposing lithographically a photo-resist layer on top of 
said anti-reflective coating layer to form a photo-resist 
pattern of said set of mandrels; 

transferring said photo-resist pattern into said planariza 
tion layer through directional etching of said planariza 
tion layer utilizing said second hard-mask layer as an 
etch-stop layer. 

11. The method of claim 8, further comprising forming a 
photo-resist mask to cover rest of said set of sidewall spacers 
except said at least a portion of said set of sidewall spacers, 
before image of said at least a portion of said set of sidewall 
spacers is transferred to said second hard-mask layer. 

12. The method of claim 11, further comprising removing 
said sidewall spacers remaining on top of said device pattern 
of said second hard-mask layer and the rest of said second 
hard-mask layer through a burn-off process, said burn-off 
process comprises subjecting said sidewall spacers to a 
plasma environment, wherein said plasma environment com 
prises fluorocarbon gas of CF4 or C4F8, hydrogenated fluo 
rocarbon gas CHXFy, and diluting gas of Ar or nitrogen. 

13. The method of claim8, wherein said planarization layer 
between said first and said second hard-mask layer is an 
amorphous carbon layer. 

14. The method of claim8, wherein said second hard-mask 
layer has a thickness that is equal or less than that of said first 
hard-mask layer, and wherein said planarization layer has a 
thickness ranging from about 10 nm to about 100 nm. 

15. A method of transferring sidewall spacer image com 
prising: 

forming a set of sidewall spacers next to sidewalls of a 
corresponding set of mandrels, said set of sidewall spac 
ers being directly on top of a second hard-mask layer; 

transferring image of a portion of said set of sidewall 
spacers to said second hard-mask layer to form a device 
pattern; 

transferring said device pattern from said second hard 
mask layer to a first hard-mask layer, and 

transferring said device pattern from said first hard-mask 
layer Subsequently to a Substrate underneath said first 
hard-mask layer, 

wherein said first and second hard-mask layers are tita 
nium-nitride layers separated by a planarization layer, 
said planarization layer is of a material that is able to 
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withstand a process of depositing said second titanium 
nitride layer on top thereof without causing decomposi 
tion. 

16. The method of claim 15, wherein forming said set of 
sidewall spacers comprises: 

depositing a planarization layer on top of said second hard 
mask layer, 

etching said planarization layer to form thereby said set of 
mandrels; 

depositing a conformal layer of dielectric material cover 
ing said set of mandrels, said dielectric material being 
Suitable for said sidewall spacers; and 

performing directional etching to remove said conformal 
layer thereby leaving only said set of sidewall spacers at 
sidewalls of said set of mandrels. 

17. The method of claim 16, wherein forming said set of 
mandrels comprises: 

depositing an anti-reflective coating layer on top of said 
planarization layer, 

exposing lithographically a photo-resist layer on top of 
said anti-reflective coating layer to form a photo-resist 
pattern of said set of mandrels; 

transferring said photo-resist pattern into said planariza 
tion layer through a directional etching process utilizing 
said second hard-mask layer as an etch-stop layer. 
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18. The method of claim 15, further comprising, before 

image of said at least a portion of said set of sidewall spacers 
being transferred to said second hard-mask layer, forming a 
photo-resist mask that covers rest of said set of sidewall 
spacers except said at least a portion of said set of sidewall 
Spacers. 

19. The method of claim 18, further comprising removing 
said sidewall spacers remaining on top of said device pattern 
of said second hard-mask layer and the rest of said second 
hard-mask layer through a burn-off process, said burn-off 
process comprises subjecting said sidewall spacers to a 
plasma environment, wherein said plasma environment com 
prises fluorocarbon gas of CF4 or C4F8, hydrogenated fluo 
rocarbon gas CHXFy, and diluting gas of Ar or nitrogen. 

20. The method of claim 15, wherein said planarization 
layer between said first and said second hard-mask layer is an 
amorphous carbon layer. 

21. The method of claim 15, wherein said second hard 
mask layer has a thickness that is equal or less than that of said 
first hard-mask layer, and wherein said planarization layer 
has a thickness ranging from about 10 nm to about 100 nm. 
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